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(54) Composite fine particles of metai oxides and production thereof 

(57) Composite fine particles oi metal oxides con- 
taining titanium dioxide which produce a remarkable 
ultraviolet screening effect over the entire region of 
spectrum. Each particle is composed of a core and a 
surface layer, said core being composed of a nucleus 
formed from (a) titanium dioxide or (b) iron oxide or (c) a 
mixture of iron oxide and titanium dioxide and an outer 
layer of titanium dioxide, said surface layer being formed 
from metal oxide of magnesium and calcium. 
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Description 

[Detailed Description of the Invention] 
5 [^^^'^ industrial application] 

The present invention relates to composite fine particles of metal oxides, each particle being composed of a core 
ana a surface layer, said core being composed of a nucleus formed from (a) titanium dioxide or (b) iron oxide or (c) a 
mixture of iron oxide and titanium dioxide and an outer layer of titanium dioxide, said surface layer being formed from 
10 magnesium oxide and calcium oxide. 

ijhe present invention relates also to a process for producing said composite fine particles of metal oxides. 
8The present invention relates also to a cosmetic, paint, or plastic composition which contains said composite fine 
patSdes of metal oxides as an ultraviolet screening agent. 

6 

15 [Background technology] 



Ultrafine particles of titanium oxide have long been in general use for cosmetics, paints, and plastics as an ultravi- 
olet screening agent because of their Ngh transparency and high absorption and scattering in the B region (290-320 
nm) of ultraviolet rays. (See. for example, Japanese Patent Publication No. 42502/1972.) A new type of ultrafine parti- 
20 cles of titanium oxide has recently been proposed (in Japanese Patent Laid-open No. 172149/1994). It is based on 
amorphous titanium oxide instead of crystalline one. Despite such tnrprovement, conventional products are made of 
titanium oxide alone and hence they suffer the disadvantage of taking on a pale, unhealthy color inherent in titanium 
oxide when put on the face. 

Several means have been devised to overcome this disadvantage. They include the coating of titanium oxide with 
25 iron oxide (Japanese Patent Publication No. 5001/1992) and the introduction of iron oxide into crystals (Japanese Pat- 
ent Laid-open Nos. 1 7821 9/1 990 and 330825/1 993). Such modification, however, makes fine particles of titanium oxide 
liable to agglomeration. Resulting agglomerates require a high shear force for re-pulverization at the time of incorpora- 
tion into cosmetics. This adversely affects other ingredients in the cosmetics. 

There has been proposed a pigment of composite sol of titanium oxide and cerium oxide (in Japanese Patent Pub- 
30 lication No. 29363/1 993). The composite sol is limited in its application area because it contains medium for dispersing 
it In addition, it is not thoroughly effective in screening the A region of ultraviolet rays (320-400 nm range, longer than 
the B region) which is said to damage the elastic properties of the skin. 



[Disclosure of the invention] 

35 

In order to improve the properties of the above-mentioned known pigments, the present inventors carried out a 
series of researches and succeeded in the development of a new version of composite fine particles of metal oxides 
which is superior in stability, color (not pale), transparency, easiness of powdering, and screening effect (for the A region 
of ultraviolet rays). 

40 It is an otoiect of the present invention to provide the following three kinds of composite fine particles of metal 
oxides. 



(A) Composite fine particles of metal oxides having a particle diameter smaller than 0.5 fim, each particle compris- 
ing a core and a surface layer, said core being composed of a nucleus of titanium dioxide and an outer layer of tita- 

45 nium dioxide, said surface layer being formed from metal oxide of magnesium and calcium, with the amount of 
magnesium and calcium accounting for 2-20 wt% of the total amount (in terms of metal oxides) and the molar ratio 
of the amount of calcium to the amount of magnesium being 0.2-5 (in terms of metal oxide). 

(B) Composite fine particles of metal oxides having a particle diameter smaller than 0.5 ^m, each particle compris- 
ing a core and a surfece layer, said core being composed of a nucleus of iron oxkie and an outer layer of titanium 

so dioxide, said surface layer being formed from metal oxide of magnesium and calcium, with the amount of iron oxide 

(in terms of Fb^Oq) accounting for 2-20 wt% of the total amount, the amount of magnesium and calcium accounting 
for 2-20 wt% of the total amount (in terms of metal oxides), and the molar ratio of the amount of calcium to the 
amount of magnesium being 0.2-5 (in terms of metal oxide). 

(C) Composite fine particles of metal oxides having a particle diameter smaller than 0.5 ^m. each particle compris- 
55 ing a core arxJ a surface layer, said core t>eing composed of a nucleus of metal oxide mixture of iron oxide and tita- 
nium dioxide and an outer layer of titanium dioxide, said surface layer being formed from metal oxide of magnesium 
and calcium, with the amount of iron oxide (in terms of Fe203) accounting for 2-20 wt% of the total amount, the 
amount of magnesium and calcium accounting for 2-20 wt% of the total amount (in terms of metal oxides), and the 
molar ratio of the amount of calcium to the amount of magnesium being 0.2-5 (in terms of metal oxide). 
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It is another object of the present invention to provide the following three processes for producing said composite 
fine particles of metal oxides. 

(a) A process for producing composite fine particles of metal oxides, said process comprising: 

a first step of performing thermal hydrolysis on an aqueous solution of titanium tetrachloride by heating with 
stirring in the presence of a water-soluble polymeric substance, thereby preparing colloid of titanium hydroxide: 
a second step of adding drcpwise to said colloid an aqueous solution of titanium tetrachloride and an alkaline 
aqueous solution simultaneously for neutralization and hydrolysis, thereby forming titanium dioxide hydrate 
and causing it to cover the particles of said colloid, the resulting product being a suspension of titanium dioxide 
hydrate; 

a third step of preparing (1) an aqueous solution containing magnesium ions and caldum ions and (2) an aque- 
ous solution of alkali metal hydroxide or alkali metal carbonate; 

a fourth step of adding said aqueous solutions (1) and (2) simultaneously to said suspension prepared in said 
second step, thereby causing magnesium oxide hydrate or carbonate and calcium oxide hydrate or carbonate 
to coat the surface of particles of said titanium dioxide hydrate; and 

a fifth step of collecting the solid product by filtration, which is followed by washing, drying, calcining, and pow- 
dering. 

(b) A process for producing composite fine particles of metal oxides, said process comprising: 

a first step of performing thermal hydrolysis on an aqueous solution of iron salt by heating with stinring in the 
presence of a water-soluble polymeric substance, thereby preparing colloid of iron hydroxide; 
a second step of adding dropwise to said colloid an aqueous solution of titanium tetrachloride and an alkaline 
aqueous solution simultaneously for neutralization and hydrolysis, thereby forming titanium dioxide hydrate 
and causing it to cover the particles of said colloid, the resulting product being a suspension of titanium dioxide 
hydrate containing iron oxide hydrate; 

a third step of preparing (1) an aqueous solution containing magnesium ions and calcium ions arxJ (2) an aque- 
ous solution of alkali metal hydroxide or alkali metal cartx>nate; 

a fourth step of adding said aqueous solutions (1) and (2) simultaneously to said suspension prepared in^said 
second step, thereby causing magnesium oxide hydrate or caftx)nate and calcium oxide hydrate or caibonate 
to coat the surface of particles of said titanium dioxide hydrate containing iron oxide hydrate; and 
a fifth step of collecting the solid product by filtration, which is followed by washing, drying, calcining, and pow- 
dering. 

(c) A process for producing composite fine particles of metal oxides, said process comprising: 

a first step of performing thermal hydrolysis on a mixed aqueous solution of iron oxide and titanium tetrachlo- 
ride by heating with stirring in the presence of a water-soluble polymeric substance, thereby preparing mixed 
colloid of iron hydroxide and titanium hydroxide; 

a second step of adding dropwise to said mixed colloid an aqueous solution of titanium tetrachloride and an 
alkaline aqueous solution simultaneously for neutralization and hydrolysis, thereby forming titanium dioxide 
hydrate and causing it to cover the particles of said mixed colloid, the resulting product being a suspension of 
titanium dioxide hydrate containing iron oxide hydrate; 

a third step of preparing (1 ) an aqueous solution containing magnesium ions and calcium ions and (2) an aque- 
ous solution of alkali metal hydroxide or alkali metal carbonate; 

a fourth step of adding said aqueous solutions (1) and (2) simultaneously to said suspension prepared in said 
second step, thereby causing magnesium oxide hydrate or cart^onate and calcium oxide hydrate or cart>onate 
to coat the surface of partides of said titanium dioxide hydrate containing iron oxide hydrate; and 
a fifth step of collecting the solid product by filtration, which is followed by washing, drying, calcining, and pow- 
dering. 

It is another object of the present invention to provide a cosmetic, paint, or plastic composition which comprises 
containing therein oonrtposite fine particles of metal oxides as an ultraviolet screening agent. 
The invention will be described in more detail in the following. 

The composite fine p)artides of metal oxides pertaining to the pr^ent invention are characterized in that each par- 
tide is composed of a core and a surface layer, said core being composed of a nucleus formed from (a) titanium dioxide 
or (b) iron <»cide or (c) a mixture of iron oxkie and titanium dioxide and an outer l^er of titanium dioxide, said surface 
layer being formed from metal oxide of magnesium and caldum. The fine partides of this construction are particularly 
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effective In screening the A region as well as the B region of ultraviolet rays. In addition, those partcles containing iron ^ 
oxide are less liable to take on a pale color by its content. Hence they are particularly suitable for use as a raw material 
of cosmetics. 

According to the present invention, the core is produced by any of the following processes. 

5 

Process (a): The core of titanium oxide is produced by performing thermal hydrolysis on an aqueous solution of tita- 
nium tetrachloride by heating with stirring in the presence of a water-soluble polymeric substance, thereby prepar- 
ing colloid of titanium hydroxide, and subsequently coating the particles of said colloid with titanium dioxide hydrate. 
Process (b): The core of iron oxide is produced by performing thermal hydrolysis on an aqueous solution of Iron salt 
10 by heating with stirring in the presence of a water-soluble polymeric substance, thereby preparing colloid of iron 
hydroxide, and subsequently coating the particles of said colloid with titanium oxide. 

Process (c): The core of iron oxide and titanium dioxide is produced by performing thermal hydrolysis on a mixed 
aqueous solution of iron chloride and titanium tetrachloride by heating with stirring in the presence of a water-sol- 
uble polymeric substance, thereby preparing mixed colloid of iron hydroxide and titanium hydroxide, and coating 
15 the particles of said colloid with titanium dioxide hydrate. 

The first titanium dioxide as a raw material for the core may be commercial titanium dioxide of rutile type with a par- 
ticle diameter of about 0.3 ^m. However, the one obtained by the above-mentioned process (a) would give rise to uni- 
form composite fine particles of metal oxides. 

20 The water-soluble polymeric substance used in the present invention is exemplified by hydroxypropylceltulose 
(HPC). cartx>xypropylcellulose (CPC), and hydroxyethylcellulose (HEC). Its amount varies depending on its degree of 
polymerization; however, its maximum amount is only limited by its solubility in water. An adequate concentration (which 
is usually higher than 0.02% of water) should be established in consideration of economy and handling qualities. 

The water-soluble polymeric substance helps the titanium hydroxide colloid to form the rutile crystals. It also helps 

25 to form rutile titanium dioxide for the core in the coating and calcining steps. It also contributes to uniform stable disper- 
sion and growth of titanium hydroxide colloid and iron hydroxide colloid. An amount less than 0.02% is not enough to 
produce these effects. Conversely, an excess amount causes undesirable foaming. 

The iron salt should be used in an amount (as Fe203) of 2-20 wt% of the total amount of the finished product. The 
iron salt is intended to reduce the pale color tone, and hence its amount should be selected according to the desire of 

30 pale color diminishing. An amount in excess of 20 wt% will have an adverse effect on transparency. An amount less than 
2 wt% is not enough to eliminate the pale color. Alt water-soluble iron salt may be used, for example its chloride, sulfate, 
or nitrate. Ferrous chloride, ferric chloride, ferrous sulfate, and ferric sulfate are desirable from the standpoint of availa- 
bility and price. 

According to the present invention, the core is formed by coating the nucleus with titanium dioxide. This step con- 
35 sists of adding dropwise to the colloid (the nucleus) of an aqueous solution off titanium tetrachloride and an alkaline 
aqueous solution simultaneously for neutralizing and hydrolysis, thereby forming titanium dioxide hydrate and causing 
it to cover the particles of said colloid. The titanium tetrachloride is used in the form of aqueous solution with a concen- 
tration lower than 2.5 mol/L. An adequate concentration should be established in consideration of the growth of colloid 
partides (and hence productivity). 
40 In this way there is obtained any one of three kinds of cores: 

(i) the one which is composed of a nucleus of titanium dioxide hydrate and an outer layer of titanium dioxide 
hydrate. 

(ii) the one which is composed of a nucleus of iron oxide hydrate and an outer layer of titanium dioxide hydrate. 
45 (iii) the one which is composed of a nucleus of mixed oxide of iron and titanium and an outer layer of titanium diox- 
ide hydrate. 

The thus obtained core is coated with mixture of magnesium oxide hydrate and calcium oxide hydrate. This step 
consists of preparing (1) an aqueous solution containing magnesium ions and calcium ions and (2) an aqueous solution 
so of alkali metal hydroxide or alkali metal carbonate, and adding these aqueous solutions simultaneously to the suspen- 
sion of the metal oxide hydrate for the core. It is desirat)le to keep the pH value constant during addition of the aqueous 
solutions, so that the core particle is covered with a mixture of magnesium hydroxide and/or carbonate and calcium 
hydroxide and/or cart>onate. 

The aqueous solution (1) may be prepared from magnesium ions and calcium ions, which are not specifically 
55 restricted so long as they are water soluble. Usually they may be in the form of chloride, sulfate, or nitrate, such as (more 
detailed) magnesium cNoride. magnesium nitrate, magnesium sulfate, magnesium acetate, calcium chloride, calcium 
nitrate, and calcium acetate, which are desirable because of their availability, low price, and water solubility. The con- 
centration of the aqueous solution (1) is not specifically restricted so long as the two compounds are uniformly dis- 
solved. 
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The alkali metal hydroxide for the aqueous solution (2) is not specifically restricted so long as it is soluble in water. 
Sodium hydroxide and potassium hydroxide are desirable because of their availability. The alkali metal carbonate for 
the aqueous solution (2) is not specifically restricted so long as it is soluble in water. Sodium carbonate, potassium car- 
bonate, and ammonium carbonate are desirable because of their availability. 

The aqueous solution (1) should contain magnesium ions and calcium ions such that the molar ratio of the amount 
of calcium to the amount of magnesium is in the range of 0.2-5 (in terms of metal oxide). If the molar ratio is lower than 
0.2 or higher than 5. the resuKing product would be poor in dispersibility and ultraviolet screening effect. The amount of 
magnesium and calcium (in terms of metal oxide) for coating should be in the range of 2-20 wt% of the total amount of 
the finished product. With an amount less than 2 wt%. it would be difficult to can-y out powdering to give almost primary 
particles with a particle diameter smaller than 5 jim. Moreover, it would be difficult to obtain fine particles in a statJe 
manner because the resulting fine particles are Uable to re-agglomeration. Thus the resulting product would be poor in 
ultraviolet screening effect due to reflection in the A region of spectrum of ultraviolet rays. Ukewise, with an amount in 
excess of 20 wt%, the resulting product would be poor in ultraviolet saeening effect. 

The suspension obtained by the above-mentioned steps undergoes solid-liquid separation by filtration which is fol- 
lowed by water washing. To promote separation, it is permissible to add any known coagulant to the suspension. The 
coagulant would facilitate filtration and water washing and subsequent powdering. After separation, the solids are dried 
and fired. The firing converts the surface-covering magnesium oxide hydrate and calcium oxkle hydrate or the surface- 
covering magnesium cartDonate and calcium carbonate partly into their respective metal oxides and partly into the titan- 
ates of their respective metals (i.e.. magnesium titanate and calcium titanate) through solid-phase reaction with the tita- 
nium dioxide hydrate constituting the inner layer. The calcining tenperature is usually in the range of 700-1 100*'C. The 
higher the calcining temperature, the higher the rale at which titanium dioxide converts into rutile and the magnesium 
titanate and calcium titanate are formed. 

The results of X-ray diffractometry suggest that the fine particles after firing contain titanium dioxide of rutile type in 
a high ratio and also contain magnesium titanate. calcium titanate. magnesium oxide, and calcium oxide. Therefore, it 
is believed that the composite fine particles of metal oxides pertaining to the present invention contain rragnesium and 
calcium in the form of mixed oxide or double oxide in the surface layer and in the form of a mixture or complex of their 
respective titanates at the interface between the core and the surface layer, and that the titanium dioxide in the nucleus 
and core is present mostly in the form of mtile crystals owing to the magnesium and calcium Which promote the con- 
version into rutile crystals. 

The process of the present invention involves powdering, which may be accomplished by the use of atomizer, jet 
mill, pulverizer, mixer, or the like. The easiness of powdering may vary depending on the amount and ratio of the mag- 
nesium and calcium compounds present in the surface layer. By selecting proper conditions for powdering, it is possible 
to obtain fine particles with a particle diameter smaller than 0.5 ^m. preferably in the range of 0.5 to 0 .03 pm. The result- 
ing f ine particles may be composed of primary particles and agglomerates. 

The conversion of titanium di<»cide in the core into rutile by the solid-phase reaction enhances the ultraviolet- 
screening effect. 

The thus obtained composite fine particles of metal oxides pertaining to the present invention will find use as a raw 
material for cosmetics and paints. They produce the effect of screening ultraviolet rays, especially those in the A region. 
In addition, they are transparent and easily dispersible. Those which contain iron oxide are almost free of pale blue color 
and hence are suitaljle for use as an ultraviolet screening agent for cosmetics. 

The invention will be descrit>ed in more detail with reference to the following examples, which are not intended to 
limit the scope of the invention. 

[Examples] 

Example 1 

An aqueous solution was prepared from both of 50 ml of titanium tetrachloride solution (an aqueous solution con- 
taining titanium tetrachloride in an amount of 2.18 molA. in terms of TiOa) and 0.30 g of hydroxypropyteellulose (a com- 
mercial reagent whose 2% aq. solution has a viscosity of 1000-4000 cps at 20*»C) by dissolution in 500 ml of water The 
aqueous solution was heated to 60*C wHh stirring so that the titanium tetrachloride undenwent thermal hydrolysis. Thus 
there was obtained a white suspension containing titanium hydroxide colloid- The suspension was adjusted to pH 2.0 
with a 32 wt% aqueous solution of sodium hydroxide. To the suspension was added dropwise (at a flow rate of 1 .5 
mlMiin) 200 of said aqueous solution of titanium tetrachloride. During this step, the suspension was k^ at pH 2.0 
by adding said NaOH aqueous solution. The suspension was adjusted to pH 8.5 with a 30 wl% aqueous solution of 
potassium cart)onate. To the suspension was added dropwise (at a flow rate of 1.0 ml/min) an aqueous solution con- 
taining both of 25 g of magnesium chloride hexahydrate and 13 g of calcium chloride dihydrate dissolved in 60 ml of 
water. During this step, the suspension was kept at pH 8.5 vinth said 30 wt% aqueous solution of potassium carbonate. 
After the completion of dropwise addition, the suspension was adjusted to pH 9.0 with the aqueous solution of potas- 
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sium carbonate. To the resulting suspension was added 20 ml of aqueous solution containing 0.2 g of starch (as a coag- 
ulant). The coagulum was filtered off and the solids were washed with water and then dried. The dried product was 
powdered by using a blender and the resulting powder was calcined at 800*^0. The calcined product was powdered 
again by using a blender. In this way there was obtained a white powder of fine particles. 

5 

Example 2 

An aqueous solution was prepared from both of 50 g of 35 wt% aqueous solution of ferric chloride and 0.30 g of 
hydroxypropylcellulose (a commercial reagent whose 2% aq. solution has a viscosity of 1000-4000 cps at 20°C) by dis- 

10 solution in 500 ml of water. The aqueous solution was heated to 70°C with stin-ing so that the ferric chloride undenfvent 
thermal hydrolysis. Thus there was obtained a brown suspension containing iron hydroxide colloid. The suspension was 
adjusted to pH 2.0 with a 32 wt% aqueous solution of sodium hydroxide. To the suspension was added dropwise (at a 
flow rate of 1 .5 ml/min) 200 ml of titanium tetrachloride solution (an aqueous solution containing titanium tetrachloride 
in an amount of 2. 1 8 mol/L in terms of Ti02). During this step, the suspension was kept at pH 2.0 by adding said NaOH 

15 aqueous solution. The suspension was adjusted to pH 8.5 with a 30 wt% aqueous solution of potassium carbonate. To 
the suspension was added dropwise (at a fbw rate of 1.0 mi/min) an aqueous solution containing both of 7.5 g of mag- 
nesium chloride hexahydrate and 7.5 g of calcium chloride dihydrate dissolved in 60 ml of water. During this step, the 
suspension was kept at pH 8.5 with said 30 wt% aqueous solution of potassium carbonate. After the completion of drop- 
wise addition, the suspension was adjusted to pH 9.0 with the aqueous solution of potassium carbonate. To the result- 

20 ing suspension was added 20 ml of aqueous solution containing 0.2 g of starch (as a coagulant). The coagulum was 
filtered off and the solids were washed with water and then dried. The dried product was powdered by using a blender 
and the resulting powder was calcined at dOO'^C. The calcined product was powdered again by using a blender. In this 
way there was obtained a light red powder of fine particles. 

25 Example 3 

An aqueous solution was prepared from 10 g of 35 wt% aqueous solution of ferric chloride and 50 ml of titanium 
tetrachloride solution (an aqueous solution containing titanium tetrachloride in an amount of 2.18 mol/L in terms of 
TiOg) and 0.25 g of hydroxypropylcellulose (a commercial reagent whose 2% aq. solution has a viscosity of 1000-4000 

30 cps at 20''C) by dissolution in 500 ml of water. The aqueous solution was heated to 60*^0 with stirring so that both of the 
fen-ic chloride and titanium tetrachloride underwent thermal hydrolysis. Thus there was obtained a white suspension 
containing both of iron hydroxide colloid and titanium hydroxide colloid. The suspension was adjusted to pH 2.0 with a 
32 wt% aqueous solution of sodium hydroxide. To the suspension was added dropwise (at a flow rate of 1 .5 mt/min) 200 
ml of said aqueous solution of titanium tetrachloride. During this step, the suspension was kept at pH 2.0 by adding said 

35 NaOH aqueous solution. The suspension was adjusted to pH 8.5 with a 30 wt% aqueous solution of potassium carbon- 
ate. To the suspension was added dropwise (at a flow rate of 1.0 ml/min) an aqueous solution containing both of 7.5 g 
of magnesium chloride hexahydrate and 2.8 g of calcium chloride dihydrate dissolved in 60 ml of water. During this step, 
the suspension was kept at pH 8.5 with said 30 wt% aqueous solution of potassium cart)onate. After the completion of 
dropwise addition, the suspension was adjusted to pH 9.0 with the aqueous solution of potassium cartx)nate. To the 

40 resulting suspension was added 20 ml of aqueous solution containing 0.2 g of starch (as a coagulant). The coagulum 
was filtered off and the solids were washed with water and then dried. The dried product was powdered by using a 
t>lerxjer and the resulting powder was calcined at 8O0''C. The calcined product was powdered again by using a blender. 
In this way there was obtained a light red powder of fine particles. 

45 Example 4 

An aqueous solution was pr^>ared from both of 50 ml of titanium tetrachloride solution (an aqueous solution con- 
taining titanium tetrachloride in an amount of 2. 1 8 mol/L in terms of T1O2) and 0.30 g of hydroxypropylcellulose (a com- 
mercial reagent whose 2% aq. solution has a viscosity of 1000-4000 cps at QO^'C) by dissolution in 500 ml of water. The 

50 aqueous solution was heated to BO^'C with stirring so that the titanium tetrachloride urKlerwent thermal hydrolysis. Thus 
there was obtained a white suspension containing titanium hydroxide colloid. The suspension was adjusted to pH 2.0 
with a 32 wt% aqueous solution of sodium hydroxide. To the suspension was added dropwise (at a flow rate of 1 .5 
ml/min) 200 ml of said aqueous solution of titanium tetrachloride. During this step, the suspension was kept at pH 2.0 
by adding said NaOH aqueous solution. The suspension was adjusted to pH 8.5 with a 30 wt% aqueous solution of 

55 potassium carbonate. To the suspension was added dropwise (at a flow rate of 1 .0 ml/min) an aqueous solution con- 
taining both of 12.5 g of magnesium chloride hexahydrate and 13.3 g of calcium chloride dihydrate dissolved in 60 ml 
of water. During this step, the suspension was kept at pH 8.5 with said 30 wt% aqueous solution of potassium carbon- 
ate. After the completion of dropwise addition, the suspension was adjusted to pH 9.0 with the aqueous solution of 
potassium carbonate. To the resulting suspension was added 20 ml of aqueous solution containing 0.2 g of starch (as 
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a coagulant). The coagulum was filtered off and the solids were washed with water and then dried. The dried product 
was powdered by using a blender and the resulting powder was calcined at 800**C. The calcined product was powdered 
again by using a blender. In this way there was obtained a white powder of fine particles. 

5 Comparative Example 1 

An aqueous solution was prepared from both of 50 ml of titanium tetrachloride solution (an aqueous solution con- 
taining titanium tetrachloride in an amount of 2.18 molA- in terms of TiOg) and 0.25 g of hydroxypropylcellulose (a com- 
mercial reagent whose 2% aq. solution has a viscosity of 1000-4000 cps at 20°C) by dissolution in 500 ml of water. The 

10 aqueous solution was heated to 60°C with stirring so that the titanium tetrachloride undenivent thermal hydrolysis. Thus 
there was ol>tained a white suspension containing titanium hydroxide colloid. The suspension was adjusted to pH 2.0 
with a 32 wt% aqueous solution of sodium hydroxide. To the suspension was added dropwise (at a flow rate of 1 .5 
ml/min) 200 ml of said aqueous solution of titanium tetrachloride. During this step, the suspension was kept at pH 2.0 
by adding said NaOH aqueous solution. The suspension was adjusted to pH 9.0 with a 30 wt% aqueous solution of 

75 potassium carbonate. To the suspension was added 20 ml of aqueous solution containing 0.2 g of starch (as a coagu- 
lant). The coagulum was filtered off and the solids were washed with water and then dried. The dried product was pow- 
dered by using a blender and the resulting powder was calcined at 800°C. The calcined product was powdered again 
by using a blender. In this way there was obtained a white powder of fine particles. 

20 Comparative Example 2 

An aqueous solution was prepared from both of 50 ml of titanium tetrachloride solution (an aqueous solution con- 
taining titanium tetrachloride in an amount of 2.18 mol/L in terms of T1O2) and 0.25 g of hydroxypropylcellulose (a com- 
mercial reagent whose 2%aq. solution has a viscosity off 1000-4000 cps at 20**C) by dissolution in 500 ml of water. The 

25 aqueous solution was heated to 60°C with stirring so that the titanium tetrachloride undenvent thermal hydrolysis. Thus 
there was obtained a white suspension containing titanium hydroxide colloid. The suspension was adjusted to pH 2.0 
with a 32 wt% aqueous solution of sodium hydroxide. To the suspension was added dropwise (at a flow rate of 1 .5 
ml/min) 200 ml of said aqueous solution of titanium tetrachloride. During this step, the suspension was kept at pH 2.0 
by adding said NaOH aqueous solution. The suspension was adjusted to pH 8.5 with a 30 wt% aqueous solution of 

30 potassium carbonate. To the suspension was added dropwise (at a flow rate of 1 .0 ml/min) an aqueous solution con- 
taining 10 g of magnesium chloride hexahrydrate dissolved in 60 ml of water. During this step, the suspension was kept 
at pH 8.5 with said 30 wt% aqueous solution of potassium cartx)nate. After the completion of dropwise addition, the sus- 
pension was adjusted to pH 9.0 with the aqueous solution of potassium cartx>nate. To the suspension was added 20 ml 
of aqueous solution containing 0.2 g of steurch (as a coagulant). The coagulum was filtered off and the solids were 

35 washed with water and then dried. The dried product was powdered by using a t)lender and the resulting powder was 
calcined at 800**C. The calcined product was powdered again by using a blender. In this way there was obtained a white 
powder of fine particles. 

Comparative Example 3 

40 

An aqueous solution was prepared from both of 50 ml of titanium tetrachloride solution (an aqueous solution con- 
taining titanium tetrachloride in an amount of 2.18 mol/L in terms of T1O2) and 0.25 g of hydroxypropylcellulose (a com- 
mercial reagent whose 2% aq. solution has a viscosity of 1 000-4000 cps at 20''C) by dissolution in 500 ml of water. The 
aqueous solution was heated to eo^'C with stirring so that the titanium tetrachloride undenvent thermal hydrolysis. Thus 
45 there was obtained a white suspension containing titanium hydroxide colloid. The suspension was adjusted to pH 2.0 
with a 32 wt% aqueous solution of sodium hydroxide. To the suspension was added dropwise (at a flow rate of 1 .5 
ml/min) 200 mi of said aqueous solution of titanium tetrachloride. During this step, the suspension was kept at pH 2.0 
by adding said NaOH aqueous solution. The suspension was acQusted to pH 8.5 with a 30 wt% aqueous solution of 
potassium carlx)nate. To the suspension was added dropwise (at a flow rate of 1 .0 ml/min) an aqueous solution con- 
so taining 5.2 g of calcium chloride difiydrate dissolved in 60 ml of water. During this step, the suspension was kept at pH 
8.5 with said 30 wt% aqueous solution of potassium cartx>nate. After the conrpletion of dropwise addition, the suspen- 
sion was adjusted to pH 9.0 with the aqueous solution of potassium cark>onate. To the suspension was added 20 ml of 
aqueous solution containing 0.2 g of starch (as a coagulant). The coagulum was filtered off and the solids were washed 
with water and then dried. The dried product was powdered by using a blender and the resulting powder was calcined 
55 at 800''C. The calcined product was powdered again by using a blender. In this way there was obtained a white powvder 
of fine particles. 

Table 1 t>elow shows the compositions (calculated values) of the fine particles obtained in Examples 1 to 4 and 
Coniparative Examples 1 to 3. 
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Table 1 



Example No. 


Fe203 (wt%) 


MgO + GaO (wt%) 


MgO/CaO (molar ratio) 


Example 1 


0.0 


18.5 


1.40 


Example 2 


18.2 


9.2 


0.74 


Example 3 


3.6 


5.4 


1.94 


Example 4 


0.0 


14.9 


0.69 


Comparative Example 1 


0.0 






Comparative Example 2 


0.0 


4.5 




Comparative Example 3 


0.0 


4.5 


0 



Test Example (Evaluation of ultraviolet screening effect) 

20 

Each sample (5 g) of the fine particles obtained in Examples 1 to 4 and Comparative Examples 1 to 3 was added, 
together with 5 g of surface active agent, to 20 g of liquid paraffin heated to 60°C. To the liquid paraffin was further 
added 70 g of warm water. The liquid paraffin was emulsified by using a homogenizes The resulting emulsion was 
applied to a tape for SPF measurement. The coating weight was 0. 1 g per 64 cnn^. The SPF value and Erythemal U VA- 

25 Protection Factor were measured by using an SPF-290 analyzer produced by Optometries Inc. The greater the SPF 
value, the more effective the specimen is in screening ultraviolet rays over the entire region of spectrum. The greater 
the Erythemal UVA- Protection Factor value, the more effective the specimen is in screening ultraviolet rays in the A 
region of spectrum. (See Fragrance Journal, vol. 9. p41 , 1 991 .) If a specimen has high values for both SPF and Ery- 
themal UVA-Protection Factor, it will produce a good effect of screening ultraviolet rays in the A region as well as the B 

30 region of sp>ectrum. Table 2 shows the results of evaluation. 



Table 2 



Example No. 


SPF value 


Erythemal UVA-Protec- 
tionFactor value 


Example 1 


55.9 


14.7 


Example 2 


22.7 


17.8 


Example 3 


23.2 


10.1 


Example 4 


35.4 


19.6 


Comparative Example 1 


8.4 


7.6 


Comparative Example 2 


7.9 


6.6 


Ck)mparative Example 3 


13.2 


11.6 



The samples of fine particles obtained in Example 4 and Comparative Examples 2 and 3 were tested for ultraviolet 
so screening effect (in the region of 290-400 nm) using an SPE-290 analyzer. The results are shown in Fig. 1 . in which the 
Monochro Protection Factor (1/T. T = transmittance) is plotted against the wavelength. It is apparent from the figure that 
alt the samples tested produce remarkable screening effect over the entire region of spectrum of ultra-violet rays. 



55 



[Application Examples] 

The following examples demonstrate the use of the composite fine particles in some application areas. 
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A pplication Example 1 (Compound powder) 
Formulation 

5 





Composite fine particles obtained in Exanple 1 


25 g 


TO 


Pigment 


5g 




Lanolin 


3g 




Isopropyl myristate 


balance 




Magnesium stearate 


2g 


15 


Corn starch 


12 g 




Talc 


50g 



20 

A pplication E xanrple 2 (Paint) 
Formulation 

25 



Conposition A (acryl-melamine resin) 


Acrydic 47-712 
Superbeckamine Gi821-60 


70pbw 
SOpbw 



35 





Composition B 


40 


Composite fine particles otstained in Example 1 


10 pbw 




Pearlescent pigment 


lOpbw 



45 



Composition C (thinner for 
acryl-melamine resin) 


Ethyl acetate 


50 pbw 


Toluene 


30 pbw 


n*Butanol 


10 pbw 


Solvesso#150 


40 pbw 



55 

A mixture of Composition A and Composition B was diluted with Composition C so that the resulting product has a vis- 
cosity (Ford cup #4. 12-15 seconds) suitable for spray coating. It was used to form a base coat layer by spray coating. 
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Application Example 3 (Plastic composition) 
Formulation 

5 





High-density polyethylene resin (pellet) 


100 pbw 


10 


Composite fine particles obtained in Example 1 


1 pbw 




Magnesium stearate 


0.1 pbw 




Zinc stearate 


0.1 pbw 



15 The resulting dry blend was injection molded. 

[Brief Description of the Drawing] 

Fig. 1 is a diagram showing the ultraviolet screening effect of the samples of composite fine particles obtained in 
20 Example 4 and Comparative Examples 2 and 3. 

Claims 

1 . Composite fine particles of metal oxides having a particle diameter smaller than 0.5 \im, each particle comprising 
25 a core and a surface layer, said core being composed of a nucleus of titanium dioxide and an outer layer of titanium 
dioxide, said surtece layer being formed from metal oxide of magnesium and calcium, with the amount of magne- 
sium and calcium accounting for 2-20 wt% of the total amount (in terms of metal oxides) and the molar ratio of the 
amount of calcium to the amount of magnesium being 0.2-5 (in terms of metal oxide). 

30 2. Composite fine particles of metal oxides as defined in Claim 1 , wherein the titanium dioxide constituting the nucleus 
is one which is obtained via titanium hydroxide colloid by thermal hydrolysis of an aqueous solution of titanium tet- 
rachloride in the presence of a water-soluble polymeric substance. 

3. Composite fine particles of metal oxides having a particle diameter smaller than 0.5 ^m, each particle comprising 
35 a core and a surface layer, said core being composed of a nucleus of iron oxide and an outer layer of titanium diox- 
ide, said surface layer being formed from metal oxide of magnesium and calcium, with the amount of iron oxide (in 
terms of Fe203) accounting for 2-20 wt% of the total amount, the amount of magnesium and calcium accounting 
for 2-20 wt% of the total amount (in terms of metal oxides), and the molar ratio of the amount of calcium to the 
amount of magnesium being 0.2-5 (in terms of metal oxide). 

40 

4. Composite fine particles of metal oxides as defined in Claim 3. wherein the iron oxide constituting the nucleus is 
one which is obtained via iron hydroxide colloid by thermal hydrolysis of an aqueous solution of iron salt in the pres- 
ence of a water-soluble polymeric substance. 

45 5. Composite fine particles of metal oxides having a particle diameter smaller than 0.5 |im. each particle comprising 
a core and a surface layer, said core being composed of a nucleus of metal oxide mixture of iron oxide and titanium 
dioxide and an outer layer of titanium dioxide, said surface layer being formed from metal oxide of magnesium and 
calcium, with the amount of iron oxide (in terms of Fe203) accounting for 2-20 wt% of the total amount, the amount 
of magnesium and calcium accounting for 2-20 wt% of the total amount (in terms of metal oxides), and the molar 

so ratio of the amount of calcium to the amount of magnesium being 0.2-5 (in terms of metal oxide). 

6. Composite fine particles of metal oxides as defined in Claim 5, wherein the metal oxide mixture of iron oxide and 
titanium dioxide constituting the nucleus is one which is obtained via a mixture of iron hydroxide colloid and titanium 
hydroxide colloid by thermal hydrolysis of a mixed aqueous solution of iron salt and titanium tetrachloride in the 

55 presence of a water-soluble polymeric substance. 

7. A process for producing composite fine particles of metal oxides, said process comprising: 

a first step of performing thermal hydrolysis on an aqueous solution of titanium tetrachloride by heating with 
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stirring in the presence of a water-solut}le polymeric substance, thereby preparing colloid of titanium hydroxide; 
a second step of adding drcpwise to said colloid an aqueous solution of titanium tetrachloride and an alkaline 
aqueous solution simultaneously for neutralization and hydrolysis, thereby forming titanium hydroxide and 
causing it to cover the particles of said colloid, the resulting product being a suspension of titanium dioxide 
hydrate; 

a third step of preparing (1) an aqueous solution containing magnesium ions and calcium ions and (2) an aque- 
ous solution of alkali metal hydroxide or alkali metal carbonate; 

a fourth step of adding said aqueous solutions (1) and (2) simultaneously to said suspension prepared in said 
second step, thereby causing magnesium oxide hydrate or carbonate and calcium oxide hydrate or carisonate 
to coat the surface of particles of said titanium dioxide hydrate; and 

a fifth step of collecting the solid product by filtration, which is followed by washing, drying, calcining, and pow- 
dering. 

8. A process for producing composite fine particles of metal oxides, said process comprising: 

a first step of performing thermal hydrolysis on an aqueous solution of iron salt by heating with stirring in the 
presence of a water-soluble polymeric substance, thereby preparing colloid of iron hydroxide; 
a second step of adding dropwise to said colloid an aqueous solution of titanium tetrachloride and an alkaline 
aqueous solution simultaneously for neutralization and hydrolysis, thereby forming titanium dioxide hydrate 
and causing it to cover the particles of said colloid, the resulting product being a suspension of titanium dioxide 
hydrate containing iron oxide hydrate; 

a third step of preparing (1) an aqueous solution containing magnesium ions and calcium ions and (2) an aque- 
ous solution of alkali metal hydroxide or alkali metal carbonate; 

a fourth step of adding said aqueous solutions (1) artd (2) simultaneously to said suspension prepared in said 
second step, thereby causing magnesium oxide hydrate or cart>onate and calcium oxide hydrate or cartx>nate 
to coat the surface of particles of said titanium dioxide hydrate containing iron oxide hydrate: and ^ . 
a fifth step of collecting the solid product by filtration, which is followed by washing, drying, calcining, and pow- 
dering. 

9. A process for producing composite fine particles of metal oxides, said process comprising: 

a first step of performing thermal hydrolysis on a mixed aqueous solution of iron oxide and titanium tetrachlo- 
ride by heating with stirring in the presence of a water-soluble polymeric sutistance. thereby preparing mixed 
colloid of iron hydroxide and titanium hydroxide; 

a second step of adding dropwise to said mixed colloid an aqueous solution of titanium tetrachloride and an 
alkaline aqueous solution simultaneously for neutralization and hydrolysis, thereby forming titanium dioxide 
hydrate and causing it to cover the particles of said mixed colloid, the resulting product being a suspension of 
titanium dioxide hydrate containing iron oxide hydrate; 

a third step of preparing (1) an aqueous solution containing magnesium ions and calcium ions and (2) an aque- 
ous solution of alkali metal hydroxide or alkali metal carbonate; 

a fourth step of adding said aqueous solutions (1) and (2) simultaneously to said suspension prepared in said 
second step, thereby causing magnesium oxide hydrate or cartx}nate and calcium oxide hydrate or cartx)nate 
to coat the surface of particles of said titanium dioxide hydrate containing iron oxide hydrate; and 
a fifth step of collecting the solid product by filtration, which is followed by washing, drying, calcining, and pow- 
dering. 

10. A cosmetic, paint, or plastic composition which comprises containing therein composite fine particles of metal 
oxides as a UV screening agent 
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